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Thestudyfocusesonproductivitydifferencesduetofarmsize.Usingfarm
sizedata,it suggeststhatinPakistanlargefarmsarerelativelymorepro-
ductivebecauseof their greateruse of ..non-traditional"inputs. The
input intensityof largefarmsderivesfrommarketdistortioninducedby
publicpolicy. Agricultural policy should thereforeConcentrateon
eliminatingmarketdistortions,bymeasureslike ceilingon land holdings
andawiderdiffusionoffarmextensionservicesandcredit.
Productivitydifferencesbyfarmsizehavebeenobservedinmanyunder-
developedcountries.Themostcommonlystatedpropositionis thatthereis
an inverserelationshipbetweenoutputper acreand farm size. Attempts
havebeenmadeto explaintheapparentlyhigherbmdproductivityon small
farmsbypositingthehypothesisthatthesefarmsmakegreateruseof thevari-
ableinputsperacre[1,2]. Oftenit hasbeenobservedthatsmallfarmsconsume
greateramountsof "traditional"inputs,particularlyof humanand animal
labour. It isto therelativeintensityof theuseof theseinputson smallfarms
thattheirhigherlandproductivityisattributed.Whethersmallfarmsare more
productivethanlargefarmsis a questionof centralinteresto policymakers
becauseonanadequateanswertothisquestiondependsthequalityof decisions
abQutlandreform.
In Pakistan,followingtherelativelyrapidadoptionof newtechnology
associatedwith the "GreenRevolution"in theSixties,questionshavebeen
raisedaboutthe apparentdifferencesin productivitylevelsandin accessto
, income-earningopportunitiesbetweenlargeandsmallfarms. This study
analysestheissueoflandproductivityandfarmsizeandrelatesit to theuseof
inputsandtheiravailabilityin Pakistan.
HYPOTHESES
In order to analysetherelationshipof land productivityand farm inputs
by farm size, the following hypotheseshave beenformulated:
.Theauthorisa Professorof EconomicsattheSimonFraserUniversity,Burnaby.B.C.
Canada.HethanksananonymousrefereeandtheEditorofThePakistanDevelopmentReview
fortheircomments.However,healoneisresponsibleforanyerrorsoromissionsinthearticle.
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1. "Large" farmshavehigherlandproductivitythan"small" farms;
or, theformerar~moreefficienthanthelatter.
2. Thehigherlandproductivityon largefarmsresultsfroma greater
useof "non-traditional"inputs,whicharemoreefficienthanthe
"traditional"inputs.
3. A moreintensiveuseof the"non-traditional"inputson largefarm
reflectstheinfluenceofnon-marketforces(ormarketimperfections),
whichmilitateagainstheownersof smallfarms.
Thefirsttwohypotheseshavebeentestedin thispaperbyusinga Cobb-
Douglasproductionfunction. Homogeneitytestshavebeenperformedon
inputsto differentiatethemwithrespecto theireffecton theoutputperacre.
Thelasthypothesishasbeentestedbyusingdataoninputsubsidies,wagesand
credit.
DATA AND METHODOLOGY
Thedatawerecollectedbytheauthorin 1974froma randomlyselected
sampleof732irrigatedfarmsin theIndusbasin[6]. Thecollectedinformation
relatedto eachcropandinputseparatelyfor eachfarm. Farmshavebeen
groupedintotwosizes,namely(1)small(25.0acresor less),and(2)large(over
25.0acres). Thisclassificationcanbejustifiedfor atleasttworeasons.Firstly,
theaveragesizeof thesamplefarms(whosearearangesbetween5.00acresand
110.0acres)is 34.0acres. Secondly,smallfarmsrangefrom4.0acresto24.0
acres(with14.0acresastheaverage),andlargefarmsvaryfrom27.0acresto
110.0acres(withan averageof 51.0acres») It is realisticto assumethatthe
technologiesusedon thefarmswithineachof thetwoclassescouldnothave
beenverydissimilarbecausetherangeof sizeis notverylargein eitherof the
groups.
A Cobb-Douglasproductionfunctionisusedin thispaperto depictthe
cropproductionprocess.The (natural)log transformationof thisfunctionis
estimatedbytheordinaryleast-squaresmethod. Theestimatingequationis:
InY=bo+bl In (X1)-J-bsIn (X2/X1)-f-baIn (X1/XI)-!--b4In(X4/XI). .(1)
where
Y = valueofoutputof allcropsin rupees;
Xl "'" croppedareain acres;
X2 = expenditureonchemicalfertilizersin rupees;
Xa = familyandhiredlabourin mandays;and
X' = expenditureonanimalabourand(armmachineryin rupees.
Valuesof thespecifiedvariableshavebeenderivedfromtheinformationgiven
bytherespondentsfor allcrops. All inputs, exceptland,areexpressedin per
lSecKhan[6,p. 9].
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:acreterms,sothecoefficientfor landminusunityprovidesatestforthereturns
to scale[1,pp. 1375-77).
TheCobb-Douglasproductionfunctionhasbeenselectedbecauseof its
.'Computationalefficiencyand its consistencywith the theoryof production.
A wordis in orderonthechoiceof thevariablesandtheiraggregationi the
-estimatingequations.The selectionof thevalueof thetotalcropproduction,
Y, as thedependentvariableimpliesthe assumptionthat crop composition
;acrossfarmsis identical. While this assumptiondoe~not strictlyhold for
"Samplefarms,about80percentof thefarmoutputis of wheat,rice,cottonand
sugarcane.Thereis still theprobabilitythatsomefarmsof a particularsize
maygrowmoreofhigh-valuecrops,whichmayresultin abiasedestimationof
~hereturnsto scalein thatit mayin factbeonlya crop-compositioneffect.
'Thiswouldsuggestthateithersinglecropfunctionsshouldhavebeenanalysed
or totalproductionfunctionshouldhavebeenestimatedfor mono-cropregions
'[1,pp. 1374-75].Thechoiceof atotalcropfunctionisjustifiedfor (a)thereis
no significantcorrelationof farmsizewithhigh-valueor low-valuecrops,and
.(b)theallocationof giveninputsonanysingleactivity(crop)ona farmis not
madein isolationfrom aJl otherfeasibleor competitiveactivities(crops).
Furthermore,thisstudyseeksto analyselandproductivitydifferencesby farm
",izeandnot inter-cropallocativeefficiency.
Amongtheindependentvariables,land,Xl, is representedby thetotal
.'Croppedarea. A functionwiththenetsownarea(if takenalone)would have
.affectedthereturnsto scaleasthecroppingintensitywas differentfromone.
Also,sinceY isthevalueofthetotalfarmoutput,Xl shouldbethetotalcropped
:area.
Inputslike irrigationwaterandfarmyardmanurehavebeenexcluded
'from the estimatedequationsbecauseof the problemof multicollinearity.
For instance,thecorrelationcoefficientof watet with land exceeded0.85.
"Secondly,no propermeasurewas availablewhichcould representheflow
-of waterasaninputin thefunction. Assuminga givenrelatiollbetweenthe
numberof irrigations(whicheachfarmerreported)and the volumeof the
~rrigationwaterapplied(whichwasassumedasastandard),theresultingmeasure
-'(acre-inches)wouldobviouslybea poorproxyfor the waterinput. Finally,
I '$inceall farmsin thesampleareirrigated,economiesof scalecould not be
.explainedbytheexclusionof waterasa separatevariable.
The fertilizervariable,X~,aggregatesnitrogenousandphosphaticferti-
'lizers,becausethelattertypeis usedin a verysmallquantityandperformsa
.<complementaryfunctionwiththenitrogenousfertilizer.
TheaggregationofhiredlabourwiththefamilylabourasXaandof farm
'machinerywitbanimalabourasX" is basedontheassumptionthattheyhave
:8homogeneousefficiencyeffectontheoutput. However,sincethetestfor land
1productivityandthereturnstoscaleindicatesthatlargefarmsdiffersignificantly
:fromsmallfarms,theseinputshavebeendisaggreJ:atedfor aheterogeneityest
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f
in equation(2). Theaggregationf animallabourwithfarmmachineryis.
achievedbyaddingtheirexpenses. .
RESULTS AND INTERPRETATION
The firsthypothesis,viz.thatlargefarmsaremoreproductiveperacre
thansmallfarms,hasbeentestedby estimatingequation(I). In Table 1,.
RegressionsI to IV showresultsfor (a)all farmsjointly, (b) largefarms,(c)-
smallfarms,and(d)pooleddatafor all farms,withthedummyvariabletaking'
thevalueof onefor largefarmsandofzerootherwise.
All coefficientshaveturnedouttobehighlysignificant,withtheexpected
signs. A comparisonof theinterceptandregressioncoefficientson largeand
smallfarmsby thecovarianceteston thepooleddatain RegressionIV has
revealedthat largefarmshavea higherintercept:thevalue of thedummy
variable,D, is0.0888,andsignificantatthe0.01level. Thissuggeststhatlarge
farmsareabout9 percentmoreproductivethansmallfarms. Furthermore,.
sinceall factorshavebeendefinedperacre,thelandcoefficient(bl) in Regres-
sionI is thesumofall thefactorelasticities.Its value(1.0947)clearlyindicates
increasingreturnsto scale. In a separateregressionof theoutputperacreon
acreage,the coefficient(0.0331)is positiveand significantat the 0.01level,
indicatingthattheoutputperacreincreaseswiththefarmsize.
Thesecondhypothesis,notedin theprevioussection,hasbeentestedin
two stages. Firstly, in Table2, RegressionsI to V havebeenusedto testif
theuseof inputsperacreis relatedto farmsize. In everycase,thecoefficient
is significantatthe0.01level,indicatinga strongrelationship.Theuseof ferti-
lizer,hiredhumanlabourandexpenseson farmmachineryperacre(Regres-
sionsI, IV andV) increaseswiththefarmsize:largefarmsmakegreateruseof
theseinputs. Theuseofallhumanlabour(familyandhired)andall farmpower
(animalabourandfarmmachinery)peracre(RegressionsII andIII) decreases
as thefarm sizeincreases.That smallfarmsusemorehumanlabour (i.e.
familylabour)andfarmpower(i.e.animalabour)peracreis consistentwith
theknownfactsandtheory.2Indeed,in this sample,smallfarmsusemore
familylabourandanimallabour,andlargefarmsusemorehiredlabourand
farm machineryper acre [6, pp. 41 and 124].
Turningto thesecondpartof our secondhypothesis,if it can be demon-
stratedthathiredlabourdiffersfromfamilylabourandfarmmachinerydiffers.
fromanimallabour,it wouldbecomeevidenthatsmallfarmsdo not neces-
sarilyusemorelabourandfarmpowerperacrein "efficiency"units[I, pp.
1380-81].While the heterogeneityestscould be performedseparatelyon
labourandfarmpower,theestimatedequationswill not yieldunbiasedvalues~
Therefore,analternativeformof equation(1)is estimated,in whichtheratio
of thehiredto thetotalhumanlabourandtheratioof farmmachineryto the
-.-
IThe useof labourperacrebyfarmsizewasalsoestimatedbyanequationwhichincluded'
fertilizer.wagerateandacreage.The landcoefficientfrom thisequationwasalsonegativeami
statisticallysignificantat the 0.01level.
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Table2
EstimatedEquation
RelationshipofFarmSizetoUseof Inputs
Constant
(bo)
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Coefficient
(bl)
whereX/j/Xais the proportionof thehired labourin thetotal labourand
X6/X. is theproportionof farmmachineryin thetotalfarmpower,andother
variablesaredefinedasin equation(1). All coefficientsarestatisticallysigni-
ficantattheO.Ollevel. Sinceb, andb, aresignificant,theheterogeneityof the
hiredfromfamilylabourandof farmmachineryfromanimallabouris clearly
indicated.Fertilizer,hiredlabourandfarmmachineryareundoubtedly"non-
traditional"inputsonPakistanifarms.Therefore,thehigherlandproductivity
on largefarmsresultsfromthegreateramountsof peracre"non-traditional"
inputsusedon thosefarms.3
The thirdhypothesisabouttheinfluenceof thenon-marketforcesand
marketimperfectionson theuseof inputsby farmsizecanbe examinedby
analysingsubsidieson inputsandwagesin Pakistan. Largefarmsusemore
chemicalfertilizerperacrefor at leasttworeasons,namely,(1) largefarmers'
greateraccesstocost-freeinformationaboutfertilizeruse,and(2)excessdemand
for fertilizerattherulingpricesandtheabilityof thelargefarmersto obtaina
largerproportionof the scarcefacilities.
Theuseofhiredlabouronlargefarmscanbeexplained,at leastfor thi.
sample,bythefactthatthemarginalproductof all labour,of thehiredlabour
in particular,far exceededthe reportedwage.. This phenomenon-which
incidentallycountersthehypothesisof "surplus"labour-and therapidly in-
creasingnumberof workerswhohavefeweror no job opportunitiesoutside
agriculturewouldencouragea greateruseof hiredlabour. In Pakistan,there
wasan impressivedeclinein thenumberof smallfarmsduring the period
1960-1972.Most strikingis thecaseof farmsunder2.50acres:theirsharein
thetotal numberof farmsfell from 33 percentto 14 percentand in the
total farmareafrom4 percento 1percent. Duringthesame period, the
shareof largefarmsincreasedsignificantly[8,9J.
The agriculturalabour force,comprisingfamily-and hired workers,
increasedsharplyfrom7.57millionin 1961to 11.88million in 1972.s These
datamayprovideonepossibleexplanationof thelow bargainingpowerof the
agriculturalworkersand of theirconsequent"exploitation".'
Theuseof farmmachineryon largefarmshasbeenencouragedbythe
factthatcapitalin generalandimportedcapitalin particularhavebeengreatly
subsidized.For instance,onehas only to look at the under-valuationof
foreignexchangeandconcessionalimportpoliciesfor tractorsetc.,duringthe
lateSixtiesandearlySeventies.Hired machinery,whichis itselfsubsidized,
fromgovernmentoutletsin manyareasof thePunjaband Sindis alsodirected
. 3Acomparisonof themarginalproductsof theusedinputs-computedfromtheelasti-
cItiesinequation(1)atthegeometri'meanlevelofoutputandinput-onlargeandsmall
farmshowedahighervalueforeachinputonlargefarms,reflecting,inyetanotherway,the
differencein thequalityof theinputs.
'Forthesamplefarms,thereportedwagefor thehiredlabourvariedfromRs. 8.0to
Rs.I0.0permanday.ThemarginalproductwasestimatedatRs.12.91.
'See,PakistanPopulationCensusreportsfor1961and1972.
'SomeotherexplanationsarediscussedbyBardhan[I, pp.1382-83].
REGRESSION I: FertilizerExpensesPer Acre
In (X2/X1) = bo + bl InXz
REGRESSION II:
1n (X./Xl)
REGRESSION Ill:
In (X./XI)
REGRESSION IV:
In (XI/X,)
REGRESSION V:
In (X6/X1)
2.3205
FamilyandHired LabourPer Acre
= bo + bl InXt 3.2071
0.1890.
(.033)
-0.4814*
(.011)
-0.0945'"
(.011)
0.4856*
(.024)
0.2379*
(.030)
AnimalLabourandFarmMachinery
ExpensesPerAcre
= ba + bl InX] 3.4980
Notes:1. All variablesinRegressionsTtoV areasdefinedin equation(1),exceptXI whicb
ishiredlabourinmandaysandXI isexpensesonfarmmachineryinrupees.
2. Starred(.) coefficientsaresignificantatthe0.01level.
3. Standarderrorsaregivenin parentheses.
HiredLabourPer Acre
= bo + b( InXI 1.2136
total farmpowerareintroducedas additionalvariables.The estimated
equationis:
InY
FarmMachineryExpenJnPerAcre
= bo + bl 1nXI 0.2342
- 5.47002+1.1102*In (X])+0.0802*In (X2/X1)+
(.012) (.005)
0.1699*In (X3/X1)+0.0736*In (X4/XI)+
(.015) (.016)
0.0613*In (X1/Xa)+0.OI82~In (X6/X4),
(.007) (.005)
(2)
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forusemainlyonlargefarms. Further,thedevelopmentoftubewelltechnology
coupledwithsubsidizedfuels,introducedasimilarbiasinuse[10].
Finally, and perhapsmostimportantly,largefarmsin Pakistanhave
enjoyedmorefavourable,if notexclusive,accesstoinstitutionalcreditforcapital
expenditureatratesof interestwhichdo notreflectheopportunitycostof the
funds[4J. For instance,in thissample,all loansfromtheAgriculturalDeve-
lopmentBankof Pakistan(ADBP) werereceivedby farmsof over25.00acres
andtherateofinterestvariedfrom7percento8percentper year[6,pp. 104-7].
Also,asignificantproportion(35-50percent)of theimportedtractorshavebeen
financedbytheADBP [10,p.232]. TheADBP hasalsobeena majorfinancing
sourcefor theinstallationof privatetubewellsin thePunjab.
LIMITATIONS OF THE ANALYSIS
Theestimationresultsdiscussedin theprevioussectionarenotwithout
limitations. For one thing, the farm-leveldata are cross-sectional.For
another,theuseof atotalcropfunctionforfarmswhicharenotfroma strictly
mono-cropregionmayhavebiasedthereturnsto scale. However,ashasbeen
pointedoutearlier,thisshouldnothaveaffectedtheresultsonlandproductivity.
Again,theomissionof "management"mayhaveleftoutanexplanatoryvariable
whichcouldaccountfor thedifferencein theoutputper acre betweenfarms
[5,pp.223-26].Theproblemwithmanagementisthatnoappropriatemeasure
canbedevisedfor itsinclusionin thegivendata. However,theseparationof
farmsinto two classesby sizeandthecovariancetestperformedin Table I
reflecta measureof theefficiencyparameter.
CONCLUSIONS AND POLICY IMPLICATIONS
Threemajorconclusionsemergefromtheprecedinganalysis. Firstly,
largefarmsaremoreefficientthansmallfarmsin thattheyhavegreateroutput
peracreandthereareincreasingreturnstoscale. Secondly,theperacreuseof
the"non-traditional"inputslikefertilizer,hiredlabourandfarmmachineryis
greateron largefarms. Finally,thereis someevidencethattheuseof capital
i,nputson largefarmsandtheirrelativelyfavourableaccesstocredithavebeen
encouragedby publicpolicy.
It isbynowwellknownthatinPakistanthesubsidizationof agricultural
inputsandcredithasbeenanintegralpartofwhatsomehavecalleda"bimodal"
strategyof agriculturaldevelopment.It is alsowellknownthatthesubsidiza-
tionof inputsto encouragetheirusealmostalwaysintroducesimperfectionsin
factormarkets,asindeedistrueofmostcapitalinputsinmanyunderdeveloped
countries. Further,a subsidycan be an instrumentof encouragingsocially
desirabletransfersof income. However,asPakistan'sexperienceshows,this
maynothavebeenthebestwayto achievetheintendedgoalof parityamong
sectorsor incomegroups.In viewof theheavyrelianceon subsidyonagricul-
turalinputsin Pakistanandthefactthattheaccessto theseinputs has been
.....
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unequalbetweenlargeandsmallfarms,onewondersif theincometransfers
havenotbeenfromtheweakto thestrong!
The resultsof thisstudysuggestthatthegreateruseof non-traditional
inputson largefarmin Pakistancanbetracedto marketimperfectionsbut-
tressedbypublicpolicy. Therefore,the centralthrust of the public policy
shouldshifttoaneliminationof suchpolicy-inducedistortions. More com-
petitivemarketsfor land, labour andcapital canbest be achievedby land
reforms,which,amongotherthings,introducesuchmeasuresas a ceilingon
land-holdings,greaterdispersionof extensionservicesand greateravailability
of farmcredit. Landreformsshould be a meansto reducingoligopolistic
andoligopsonisticelementsin theeconomy[7J.
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